Adherence to available standard of care preventive therapies for episodic migraine is poor, with patients citing insufficient efficacy or poor tolerability as the most common reasons for discontinuation.^[@R1],[@R2]^ Hence, there is a high unmet need for new preventive therapies that provide sustained efficacy and good tolerability to enable longer-term adherence and reduce the impact of migraine on patients\' lives.

The calcitonin gene-related peptide (CGRP) pathway plays an important role in migraine pathophysiology.^[@R3]^ Erenumab (in the United States, erenumab-aooe), a fully human monoclonal antibody that selectively targets and blocks the canonical CGRP receptor,^[@R4]^ was recently approved in several countries as a monthly subcutaneous injection of 70 or 140 mg for the prevention of migraine in adults. Several studies have demonstrated the clinical efficacy of erenumab 70 and 140 mg across the migraine spectrum,^[@R5][@R6][@R9]^ including STRIVE (Study to Evaluate the Efficacy and Safety of Erenumab in Migraine Prevention), which included erenumab 70 mg and 140 mg vs placebo in patients with episodic migraine over a 24-week double-blind treatment phase (DBTP).^[@R6]^

For any new drug and mechanism of action, it is important to provide longer-term safety data and evidence for sustained efficacy beyond that observed during the relatively short placebo-controlled study period. Ashina et al.^[@R10]^ reported 1-year interim safety and efficacy analyses of erenumab 70 mg from a 5-year open-label extension of a phase 2 episodic migraine trial. Here, we report the results of the 28-week dose-blinded active treatment phase (ATP) of the STRIVE study, which followed the 24-week DBTP, to assess the efficacy, tolerability, and safety of erenumab 70 and 140 mg over a 1-year period.

Methods {#s1}
=======

Primary research question {#s1-1}
-------------------------

Does erenumab treatment in patients with episodic migraine result in sustained reduction in monthly migraine days (MMDs) and improvement in patient-reported outcomes over a 1-year period?

Standard protocol approvals, registrations, and patient consents {#s1-2}
----------------------------------------------------------------

This trial is registered with Clinical[Trials.gov](http://Trials.gov) (NCT 02456740). The trial protocol was approved by the independent ethics committee at each trial center. All patients provided written informed consent. Amgen and Novartis funded this study.

Study design {#s1-3}
------------

STRIVE was a phase 3, multicenter, randomized, double-blind, placebo-controlled, parallel-group study of patients with episodic migraine.^[@R6]^ During the 24-week DBTP, patients were randomized (1:1:1) to receive placebo or erenumab 70 or 140 mg monthly, administered subcutaneously. Patients who completed the DBTP entered a 28-week ATP, where they were rerandomized to receive either erenumab 70 mg or erenumab 140 mg once monthly in a dose-blinded fashion. Rerandomization was stratified as per the treatment groups (placebo, erenumab 70 mg, or erenumab 140 mg) assigned during the DBTP ([figure 1](#F1){ref-type="fig"}). The primary approach to analyze long-term efficacy in this study was to evaluate outcomes in 2 groups: patients who received erenumab 70 mg during the ATP and patients who received erenumab 140 mg during the ATP, irrespective of treatment received during the DBTP. Hereafter, these groups will be referred to as all erenumab 70 mg and all erenumab 140 mg. Given that the study design includes 2 randomizations, at the study baseline (pre-DBTP baseline) and at week 24 (pre-ATP baseline), efficacy results are presented in 2 ways: change from the pre-DBTP (study) baseline and change from the pre-ATP baseline. In these analyses, the pre-DBTP (study) baseline refers to the monthly measurement obtained during the baseline period before the first dose of erenumab or placebo in the DBTP. The pre-ATP baseline refers to the last monthly measurement obtained at the end of the DBTP (in most cases at week 24, before the first dose of erenumab in the ATP). Change from the pre-ATP baseline was the primary analytical approach for the ATP as this was when rerandomization occurred. A safety follow-up was performed 16 weeks after the last dose of erenumab in ATP, e.g., at week 64 for patients receiving the final dose of erenumab at week 48.

![Study design\
The active treatment phase (ATP) treatment group was stratified by double-blind treatment phase (DBTP) treatment assignment. All erenumab 70 mg in the ATP comprised patients with the following DBTP treatment assignments: placebo (n = 138), erenumab 70 mg (n = 140), erenumab 140 mg (n = 143). All erenumab 140 mg in the ATP comprised patients with the following DBTP treatment assignments: placebo (n = 140), erenumab 70 mg (n = 140), erenumab 140 mg (n = 144). Pre-DBTP (study) baseline: the monthly measurement obtained before the first dose of erenumab or placebo in the DBTP; pre-ATP baseline: the last monthly measurement obtained at the end of the DBTP (in most cases at week 24 before the first dose of erenumab in the ATP). QM = once monthly; SC = subcutaneous; STRIVE = Study to Evaluate the Efficacy and Safety of Erenumab in Migraine Prevention.](NEUROLOGY2019018481FF1){#F1}

Participants {#s1-4}
------------

Eligibility criteria for enrollment into the STRIVE study have been reported previously.^[@R7]^ Briefly, the key inclusion criteria were being aged 18--65 years with a history of episodic migraine with or without aura based on the International Classification of Headache Disorders, edition 3 beta (ICHD-3b),^[@R11]^ for ≥12 months before screening, having 4--14 migraine days per month and \<15 headache days per month across the 3 months prior to screening and during the 1-month pre-DBTP baseline period. Anxiety and depression as comorbidities were permitted in the trial. Patients were excluded if they had no therapeutic response (defined as no improvement in frequency, severity, or duration of migraines after ≥6 weeks of treatment at the appropriate dose) to \>2 migraine preventive medication categories or had medication overuse according to ICHD-3b criteria.^[@R11]^ To be eligible to enter the ATP, patients were required to complete the DBTP, not discontinue erenumab early, continue to provide informed consent, and be considered appropriate by the investigators for treatment continuation or initiation.

Outcomes {#s1-5}
--------

We report analyses of the ATP of the STRIVE study, which aimed to assess the efficacy, tolerability, and safety of erenumab through 52 weeks and to assess the effect of switching doses. Efficacy endpoints studied during the ATP included change from baseline in MMD and acute MSMD through week 52, and achievement of a ≥50%, ≥75%, or 100% reduction in MMD from baseline to week 52.

Endpoints for patient-reported outcomes (PROs) included change from baseline in Migraine Physical Function Impact Diary physical impairment (MPFID-PI) and everyday activities (MPFID-EA) domains through week 52. The MPFID is a 13-item PRO instrument used daily, which measures the impact of migraine on physical functioning.^[@R12]^ For each domain, the scores range from 0 to 100, with higher scores representing greater impact with migraine (i.e., higher burden).

The overall safety and tolerability of erenumab was also assessed. Safety endpoints included all adverse events, clinical laboratory values, vital signs, electrocardiograms, and testing for antierenumab antibodies. Treatment-emergent adverse events (TEAEs) were coded using the Medical Dictionary for Regulatory Activities, version 20.0, and graded according to severity based on the Common Terminology Criteria for Adverse Events (CTCAE) system, version 4.03. (The adverse events in DBTP primary analysis were coded in MedDRA 19.1; in ATP, the preferred terms were coded in MedDRA v20.0. The preferred term nasopharyngitis in MedDRA 19.1 was coded to viral upper respiratory tract infection in MedDRA v20.0.)

Statistical analyses {#s1-6}
--------------------

The ATP full analysis set (FAS) consisted of all patients receiving at least one dose of erenumab during the ATP. Patients were analyzed according to their randomized treatment in both DBTP and ATP. The FAS was used in analyses of baseline characteristics, disposition, efficacy endpoints, and PROs during the ATP. The ATP safety analysis set consisted of all patients receiving at least one dose of erenumab during the ATP. This analysis set was used for summarizing safety data and erenumab exposure during the ATP. Patients in this safety analysis set were analyzed according to their rerandomized treatment unless a patient had received the incorrect dose (i.e., 70 mg instead of 140 mg, or vice versa) during the entire ATP. In this case, patients who received the incorrect dose were analyzed in the dose group of the actual dose received.

Comparison between the active treatment groups was based on descriptive statistics and no statistical testing comparing the active treatment groups was performed. Data were reported as mean and SD or standard error, and as first and third quartiles and minimum and maximum for the continuous efficacy endpoints (MMD, acute MSMD, and MPFID); for the dichotomous efficacy endpoints (≥50%, ≥75%, and 100% responses in MMD reduction), frequency and percentages were reported. For efficacy (MMD and acute MSMD) and PRO endpoints (MPFID-PI and MPFID-EA), change at week 52 was calculated from the pre-DBTP (study) baseline and pre-ATP baseline (week 24), respectively, and the ≥50%, ≥75%, and 100% responses were calculated based on change in MMD from the pre-DBTP (study) baseline. Safety and tolerability were assessed throughout the ATP and adverse events are reported as exposure-adjusted subject incidence rate per 100 subject-years.

Data availability {#s1-7}
-----------------

The data for the STRIVE ATP analyses described in this article are available by request from author investigators, Amgen Inc., or Novartis Pharma AG.

Results {#s2}
=======

Patient disposition {#s2-1}
-------------------

Of 955 patients who were enrolled in the DBTP of the STRIVE study, 845 (88.5%) entered the ATP and were rerandomized to receive blinded treatment with either erenumab 70 mg (n = 421; all erenumab 70 mg group) or erenumab 140 mg (n = 424; all erenumab 140 mg group). Of the 845 patients entering the ATP, 84.4% were women, 90.2% were white, and the mean (SD) age at the study baseline was 41.6 (11.1) years ([table 1](#T1){ref-type="table"}). Baseline characteristics of patients entering the ATP were consistent with those of patients enrolled in the DBTP. All 845 patients who entered the ATP received at least one dose of erenumab and were included in the ATP FAS as well as the ATP safety analysis set. The ATP was completed by 762 of 845 (90.2%) patients (i.e., completed the assessment at week 52); discontinuations from the ATP were for the following reasons: subject request (n = 55 \[6.5%\]), lost to follow-up (n = 17 \[2.0%\]), protocol-specified criteria (n = 10 \[1.2%\]), and death (n = 1 \[0.1%\]) ([figure 1](#F1){ref-type="fig"}). Two patients received incorrect dose during the ATP and were flagged as important protocol deviation.

###### 

Demographics and characteristics at study baseline (double-blind treatment phase) of patients entering the active treatment phase (ATP)

![](NEUROLOGY2019018481TT1)

Efficacy results {#s2-2}
----------------

The all erenumab 70 mg and all erenumab 140 mg groups included patients from each of the 3 DBTP groups (placebo, erenumab 70 mg, and erenumab 140 mg); hence, the results of the change from the pre-ATP (week 24) baseline reflect a combined treatment effect in patients from each of these 3 groups over weeks 24 through 52. The mean (standard error \[SE\]) change in MMD from the pre-DBTP (study) baseline and pre-ATP baseline based on dose received during the ATP is presented in [figure 2](#F2){ref-type="fig"}. The mean (SE) change in MMD during the ATP (i.e., from the pre-ATP baseline to week 52) was −1.1 (0.2) and −1.8 (0.2) days in the all erenumab 70 mg and all erenumab 140 mg groups, respectively ([figure 2C](#F2){ref-type="fig"}), whereas the mean (SE) change from the pre-DBTP (study) baseline to week 52 was −4.2 (0.2) and −4.6 (0.2) days, respectively ([figure 2B](#F2){ref-type="fig"}).

![Mean change in monthly migraine days (MMDs) from pre--double-blind treatment phase (DBTP) and pre--active treatment phase (ATP) baselines\
Mean change (SE) in MMDs from the (A) pre-DBTP baseline every 4 weeks during weeks 0--52; (B) pre-DBTP (study) baseline at week 52; and (C) pre-ATP baseline at week 52. MMDs = monthly migraine days; PBO = placebo; SE = standard error.](NEUROLOGY2019018481FF2){#F2}

Results for change in MMD over time for the overall study population ([figure 2A](#F2){ref-type="fig"}) showed that the efficacy of erenumab was sustained over the 52 weeks for both 70 and 140 mg. Similar results were seen when analyzing the data just for those patients who completed the ATP, and in both cases negative slopes were observed, suggesting some further reduction in MMD during the ATP (figure e-1, [doi.org/10.5061/dryad.63xsj3v0n](https://doi.org/10.5061/dryad.63xsj3v0n)).

In addition to analyzing the treatment effect on MMD in the all erenumab 70 mg and all erenumab 140 mg groups, analyses for change in MMD from the pre-ATP baseline were conducted in pairs, as follows: (1) patients either continuing the 70 mg dose (−1.1 \[0.4\]) or increasing the dose from 70 to 140 mg (−1.8 \[0.3\]) during the ATP; (2) patients either continuing the 140 mg (−0.6 \[0.3\]) dose or decreasing the dose to 70 mg (−0.1 \[0.3\]) during the ATP; (3) patients treated with placebo during the DBTP and switching to either 70 mg (−2.2 \[0.4\]) or 140 mg (−2.9 \[0.4\]) during the ATP. These analyses show that efficacy was maintained for both erenumab doses during the ATP, with numerically greater efficacy observed for erenumab 140 vs 70 mg.

In the ATP, the mean (SE) change in the monthly acute MSMD from the pre-ATP baseline to week 52 was −0.7 (0.1) days in the all erenumab 70 mg group and −1.0 (0.1) days in the all erenumab 140 mg group ([table 2](#T2){ref-type="table"}). Between baseline and week 52, the mean (SE) change was −1.8 (0.1) days and −2.0 (0.2) days in the all erenumab 70 mg group and the all erenumab 140 mg group.

###### 

Baseline values and change from baseline in outcome measures during the active treatment phase (ATP)
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The effect of erenumab on patient-reported physical function and everyday activities was determined using the MPFID. As shown in [table 2](#T2){ref-type="table"}, the mean (SE) change during ATP in monthly average MPFID-PI score from the pre-ATP baseline to week 52 was −1.3 (0.4) in the all erenumab 70 mg group and −1.9 (0.3) in the all erenumab 140 mg group, where negative change reflects improvement; the mean (SE) change in MPFID-EA score was −1.8 (0.4) in the all erenumab 70 mg group and −2.3 (0.4) in the all erenumab 140 mg group during the ATP.

In terms of response to treatment at week 52, the proportions of patients who achieved ≥50%, ≥75%, and 100% reduction in MMD from the study baseline were 61.0%, 38.5%, and 19.8% in the all erenumab 70 mg group, and 64.9%, 40.8%, and 21.2% in the all erenumab 140 mg group, respectively ([table 2](#T2){ref-type="table"}; [figure 3](#F3){ref-type="fig"}). Further analysis was done to assess extent to which patients exhibit a sustained response to erenumab treatment. Among patients receiving erenumab during the DBTP who completed 52 weeks\' treatment and achieved ≥50% reduction in MMD from study baseline over the last 3 months of the DBTP, 86.0% and 86.8% of patients in the all erenumab 70 mg and all erenumab 140 mg groups, respectively, sustained this ≥50% reduction in MMD during the last 3 months of the ATP ([table 3](#T3){ref-type="table"}). Among erenumab-treated patients who completed 52 weeks\' of treatment but did not achieve ≥50% reduction in MMD over the last 3 months of the DBTP, 31.6% of patients in the all erenumab 70 mg group and 38.9% in the all erenumab 140 mg group achieved ≥50% reduction in MMD during the last 3 months of the ATP ([table 3](#T3){ref-type="table"}). In those patients receiving placebo during the DBTP and initiating erenumab during the ATP, 58.0% (70 mg: 52.1%; 140 mg: 63.9%) achieved ≥50% reduction in MMD during the last 3 months of the ATP.

![Proportion of patients achieving ≥50%, ≥75%, and 100% reduction in monthly migraine days (MMDs) from pre--double-blind treatment phase (DBTP) baseline\
Proportion of patients achieving (A) ≥50%; (B) ≥75%; and (C) 100% reduction in MMDs from the pre-DBTP (study) baseline to week 52.](NEUROLOGY2019018481FF3){#F3}

###### 

Proportion of patients completing 52 weeks of erenumab treatment who achieved ≥50% reduction in monthly migraine days (MMDs) during the last 3 months of the active treatment phase (ATP) categorized by treatment response during the last 3 months of the double-blind treatment phase (DBTP)
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Safety and tolerability {#s2-3}
-----------------------

Overall, TEAEs during the ATP were reported in 241 (57.2%) and 233 (55.0%) patients in the all erenumab 70 mg and the all erenumab 140 mg groups, respectively ([table 4](#T4){ref-type="table"}). The exposure-adjusted subject incidence rates were 134.6 per 100 subject-years in the all erenumab 70 mg group and 122.0 per 100 subject-years the all erenumab 140 mg group ([table 4](#T4){ref-type="table"}). These findings were lower than the exposure-adjusted subject incidence rates for TEAEs for patients receiving either placebo (256.2 per 100 subject-years) or erenumab 70 mg (215.0 per 100 subject-years) or 140 mg (208.5 per 100 subject-years) during the DBTP. TEAEs in the ATP with the highest exposure-adjusted incidence rates were viral upper respiratory tract infection (the preferred term nasopharyngitis in MedDRA 19.1 was coded to viral upper respiratory tract infection in MedDRA v20.0) and upper respiratory tract infection ([table 5](#T5){ref-type="table"}); incidence rates of events during longer-term treatment with erenumab were not increased compared with rates observed during the DBTP ([table 6](#T6){ref-type="table"}).

###### 

Adverse events reported during the active treatment phase (ATP)
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###### 

Exposure-adjusted incidence rates of treatment-emergent adverse events (TEAEs) (occurring at a rate of ≥2 subjects per 100 subject-years in the total group) during the active treatment phase (ATP) by preferred term
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###### 

Exposure-adjusted subject incidence rates of treatment-emergent adverse events (TEAEs) (occurring at a rate of ≥5 subjects per 100 subject-years in any group) during the double-blind treatment phase (DBTP) by preferred term

![](NEUROLOGY2019018481TT6)

TEAEs with a severity grade ≥3 occurred in 6.2% (8.8 per 100 subject-years) of patients in the all erenumab 70 mg group and in 4.7% (6.6 per 100 subject-years) of patients in the all erenumab 140 mg group; grade ≥4 TEAEs were reported in 3 patients in the all erenumab 140 mg group (1.0 per 100 subject-years) ([table 4](#T4){ref-type="table"}).

Adverse events leading to discontinuation of treatment in the ATP were low and occurred in 6 patients (2.0 per 100 subject-years) in the all erenumab 70 mg group (monocytopenia, idiopathic orbital inflammation, swollen tongue, injection site pain, migraine \[2 cases\]), and in 10 patients (3.2 per 100 subject-years) in the all erenumab 140 mg group (monocytopenia, arrhythmogenic right ventricular dysplasia, fatigue, subdural hematoma, increased alanine aminotransferase, breast fibroma, migraine, anxiety, dyspnea, papular rash, and urticaria).

Serious TEAEs were reported for 14 patients each in the all erenumab 70 mg and all erenumab 140 mg groups, with corresponding exposure-adjusted subject incidence rates of 4.7 and 4.5 per 100 subject-years, respectively.

There were no clinically significant changes observed in vital signs and laboratory values in either treatment group during the ATP.

One death was reported during the ATP in the all erenumab 140 mg group. The patient was a 44-year-old man with a medical history of abnormal electrocardiograms (first-degree atrioventricular block, intraventricular conduction defects, and inverted T waves), insufficiency of the mitral valve, hypercholesterolemia, and hypertriglyceridemia. The patient, who switched from erenumab 70 mg in the DBTP to 140 mg in the ATP, was asymptomatic and did not report any adverse events. The reported cause of death was heart failure. Postmortem assessment included genetic testing, which revealed that the patient had a genetic variant of arrhythmogenic right ventricular dysplasia, a condition associated with sudden cardiac death.^[@R13],[@R14]^ The event was deemed not related to erenumab by the investigator.

Of the 842 patients who received erenumab during the ATP and who had a postbaseline positive antibody assessment after the first dose of erenumab during the ATP, 28 (3.3%) developed antierenumab binding (non-neutralizing) antibodies on at least one occasion, and 12 of these 28 patients had a negative antidrug antibody result at the last time point tested. No patient developed antierenumab neutralizing antibodies during the ATP.

Discussion {#s3}
==========

Erenumab at either 70 or 140 mg resulted in a sustained reduction in MMD of over 50% from the DBTP (study) baseline to week 52, with sustained efficacy observed over weeks 24--52. Similarly, both doses of erenumab also resulted in a reduction of over 50% from DBTP baseline to week 52 in the number of days using acute migraine-specific medications per month. In addition, the double-blind dosing of the ATP phase demonstrated no difference in tolerability, as reflected in exposure-adjusted subject incidence rates of adverse events, between 70 and 140 mg of erenumab.

In clinical practice, assessing response to treatment is helpful in decision-making and is often defined as achievement of ≥50% reduction from baseline in MMD. In clinical trials, different thresholds of response are commonly employed to understand the spectrum of response to treatment.^[@R15]^ Long-term treatment with erenumab resulted in substantial proportions of patients with sustained responses over the last 3 months of the ATP, which were broadly similar in both arms. The percentages of patients achieving ≥50% response at week 52 were higher than those for erenumab 70 and 140 mg in the DBTP,^[@R6]^ suggesting that response to treatment may be greater with longer-term treatment, although to some extent there is a natural history and responder consideration in these data.^[@R16]^ It is noteworthy that a large proportion of patients (86%) who responded (≥50%) at the end of the DBTP continued to respond during the ATP, and 36% of patients who did not respond during the DBTP did respond in the ATP.

We measured the impact of migraine on patients\' physical functioning over the 28-week ATP using the MPFID^[@R12]^ and found that both doses of erenumab resulted in reductions (i.e., improvement) in MPFID scores on the everyday activity and physical impairment domains. This improvement in MPFID domain scores is likely to be due, at least in part, to the reduction in MMD, but it is also possible that other factors may have contributed, such as reduced severity of migraine headaches.

In the DBTP of the STRIVE study, both erenumab 70 mg and erenumab 140 mg consistently produced a greater reduction in MMD compared with placebo.^[@R6]^ This benefit extended into the ATP where (1) patients switching from placebo to erenumab 140 or 70 mg, (2) patients who increased dose from 70 to 140 mg compared with those who remained on 70 mg throughout the study, and (3) patients treated with 140 mg throughout the study compared with those who decreased dose from 140 to 70 mg all continued to maintain effects, which were not different.

Given the downward slope for change in MMD over weeks 24--52, we questioned whether this might reflect attrition bias, i.e., dropout of patients not responding well to treatment. However, there was a low dropout rate (9.8%) in the ATP and, moreover, when only assessing patients who completed the ATP, a similar negative slope was observed, suggesting that efficacy might be somewhat greater at the end of the ATP, although this study was neither designed nor powered to address the possibility of increasing efficacy over time.

Long-term efficacy of erenumab (70 mg) has also been demonstrated in a separate open-label extension study in episodic migraine (NCT01952574),^[@R9]^ which had comparable outcomes. Thus, sustained efficacy has been seen in both the STRIVE ATP and a separate phase 2 open-label extension^[@R9]^; in addition, both studies displayed high retention rates.

Erenumab had a favorable safety and tolerability profile during the ATP and the overall incidence rate of TEAEs was comparable with that observed in the DBTP^[@R6]^ and other erenumab migraine prevention studies.^[@R5],[@R8],[@R9]^ No new safety signals were reported during the ATP and, importantly, no dose-dependent adverse events were observed. The blinded nature of the ATP allows for strong conclusions around adverse events, which clinicians could use when discussing treatment choice with patients. The most common events observed during the ATP (viral upper respiratory tract infection and upper respiratory tract infection) were also observed during the DBTP of this study.^[@R6]^ During the DBTP, the incidence of antierenumab binding antibodies was low,^[@R6]^ and this remained low throughout the ATP; no patients developed transient neutralizing antibodies during the ATP.

Discontinuation rates due to adverse events were low during the 28-week ATP. The result is in agreement with that reported in the 1-year open-label extension study of erenumab 70 mg in episodic migraine (2.5%).^[@R9]^ These findings are relevant because longer-term adherence with current migraine therapies is low, mainly because of tolerability and safety concerns.^[@R1],[@R17]^ For example, Hepp et al.^[@R18]^ reported that the overall persistence with oral migraine preventive medication is poor at 6 months (25%) and declines further at 12 months (14%). The sustained treatment benefits and good tolerability observed with erenumab may thus lead to improved long-term treatment adherence and outcomes, although this requires confirmation.

These data show that the efficacy of erenumab in both dose groups in patients with episodic migraine is sustained through 1 year of treatment, with a favorable safety and tolerability profile.
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